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We discuss the recently discovered new class of globally regular and black hole solutions 
in Einstein- Yang-Mills and Einstein- Yang-Mills-dilaton theory. These asymptotically flat 
solutions are static and possess only axial symmetry. The black hole solutions possess a 
regular event horizon. 



SU(2) Einstein- Yang-Mills (EYM) and Einstein- Yang-Mills-dilaton (EYMD) 
theory possess static spherically symmetric globally regular and black hole solutions. 
These solutions are asymptotically flat and possess non-trivial magnetic gauge field 
configurations, but carry no global charge. Being unstable, the globally regular 
solutions are interpreted as gravitating sphalerons, while the black hole solutions 
are considered as black holes inside sphalerons. The black hole solutions represent 
counterexamples to the "no-hair" conjecture. 

In flat space spherically symmetric sphalerons represent a special case of axially 
symmetric (multi)sphaleronsEI. By constructing axially symmetric (multi)sphalerons 
EYM and EYMD theory, we here show, that the same holds true in curved space 
Furthermore, we demonstrate that the corresponding black hole solutions with 
axial symmetry also exist 0. 

The new class of solutions is based on the SU(2) EYMD action 

S= I (^+L U )y^x (1) 

with 
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L M = —B^d"* - e^Tr^FH , (2) 

Ffa, = d^Av — dvA^ + ie [A^, A v ], and the Yang-Mills and dilaton coupling constants 
e and k. 

The static axially symmetric ansatze for the metric and the matter fields of the 
solutions are parametrized in terms of the coordinates r and 9, being 



ds 2 = -fdt 2 + jdr 2 + —dO 2 + j d<t> 2 , (3) 



lr 2 sin 2 ' 



and 



A^dx* = ^- [t£ (Hidr + (1-H 2 ) rdO) - n (t?H 3 + r% (1 - H A )) r sin 

(4) 

with the Pauli matrices f = {t x ,t Vi t z ) and r" = f ■ (sin 9 cos n<j>, sin 9 sin ncf>, cos 9) , 
Tq = t ■ (cos 9 cos tl(J), cos 9 sin fi(j) 7 — sin 9^ , = f ■ {— sinn0, cos nd), 0). We refer 
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to n as the winding number of the solutions. The metric functions /, m and I, 
the gauge field functions Hi and the dilaton function $ depend only on r and 9. 
For n = 1 the spherically symmetric ansatz is recovered. The system possesses a 
residual abelian gauge invariance with respect to the transformation U = e 4r ( r ' e ) r ? . 
We choose the gauge condition rd r H\ — deH 2 = 0. 

The boundary conditions at infinity and along the p- and z-axis agree for the 
globally regular and the black hole solutions. For asymptotically flat and magneti- 
cally neutral solutions the boundary conditions at infinity are 

/ = m = I = 1 , $ = , H 2 = H 4 = ±l, Hi = H 3 = . (5) 

Along the axes axial and parity reflection symmetry of the solutions yield the bound- 
ary conditions 

8 e f = dgm = dgl = = dgHi = d e H 3 = , Hi = H 3 = . (6) 

For the globally regular solutions the boundary conditions at the origin are 

d r f = d r m = d r l = d r <f> = , H 2 = H 4 = 1, Hi = H 3 = . (7) 

The event horizon of the static black hole solutions is characterized by g u = —f = 0. 
Imposing that the horizon of the black hole solutions resides at a surface of constant 
r, the boundary conditions at a regular horizon are 

f = m = l = 0, <9 r $ = , d e Hi + rd r H 2 = , 

rd r H 3 -H 1 H i = 0, rd r H A + Hi (H 3 + ctg0) = . (8) 

The equations of motion yield only three boundary conditions for the gauge field 
functions H^ the fourth condition is needed to fix the gauge at the horizon, e.g. by 
choosing d r H\ = 0. 




Figure 1: The energy density of the matter fields e = — and the metric function / are shown 
as a function of the dimcnsionlcss coordinate x for the angles 8 = 0, it/4 and ir/2 for several EYM 
black hole solutions as well as for the corresponding globally regular solution. 

The solutions depend on the winding number n, the node number k of the gauge 
field functions, the dilaton coupling constant 7 = n/y/AirG (7 = 1 corresponds to 
string theory) and the horizon radius ih = (e/v47rG)rH- I n Fig s - 1-2 we show the 
globally regular solution and several black hole solutions forn = 2,fc = l,7 = l. 
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The energy density of the black hole solutions is angle-dependent at the horizon. 
We observe a strong peak of the energy density on the p-axis (away from the horizon) 
for the globally regular solution and for the black hole solutions with small xh- For 
larger values of xh the global maximum occurs on the z-axis at the horizon. With 
decreasing ih the black hole solutions tend to the globally regular solutions. The 
limit cch — > is not smooth, however. With increasing xh the energy density of the 
matter fields becomes less important. Therefore the metric functions become more 
spherical. 
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Figure 2: Same as Fig. |]J for the metric function m and the dilaton function (p. 

For fixed winding number n with increasing node number k the solutions form 
sequences. The sequences of magnetically neutral non-abelian axially symmetric 
solutions with winding number n tend to magnetically charged abelian spherically 
symmetric limiting solutions, corresponding to Einstein-Maxwell-dilaton solutions 
for finite values of 7 and to Reissner-Nordstr0m solutions for 7 = 0, which carry n 
units of magnetic charge. 

The mass M of the solutions can be obtained directly from the total energy- 
momentum "tensor" t^ v of matter and gravitation, M = J T 00 d 3 r, leading to the 
dimensionless mass fi — (e/y/4ivG)GAI — ^x 2 d x f\oc. Similarly, the dilaton charge is 
given by D = x 2 d x (p\ 00 . The globally regular solutions satisfy the relation D = 7/x. 
At the horizon of the black hole solutions the Kretschmann scalar R^ va ^ R^ap is 
finite and the surface gravity K sg is constant. The black hole solutions satisfy the 
relation D = — 2TS), where the temperature T is given by T — K sg /(27r), and 
the entropy S is proportional to the area A of the horizon, S = A/4. 
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